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I. Preface.

Recent investigation of the effects of ionospheric retardaiion and refraction cn
satellite tracking radars has generated s need for a means to predist the errors and
correct for them. This paner describes & project undertaken by lth Weather Wing to
produce a realistic electron density profiic based upon parameters which can be
forecast reasonably accurately. Tne authors wish to acknowiedge the help provided
them ir this project, Lt Colonel Hansrote provided the impetus for producing such
@ model, Capt Jack Wrobel solved our initial problems of scale height by providing
"Wrobel's Equation." MSgt Birch and TSg® “uster analyzed and evaluated the model
agalinst sectual observations, MHrs, Green accocmplished the manuscript iyning. Thanks,
also to Lt Bo Eross for his system analysis suggestions.

Thomas D, Damon, Major, USAF franklin R, Hartranft, Captain, USAF
Technical Development Branch ) Automation Branch
Detachment 1, 4 Wwg Aerospace Sclences Division

Hg U4 WWg
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11, Iatrsduction,

"’he dezvelopment of a computer program for predicting electron density proflles
was provpted by the reallzation that ilonospheric retardation and refractlon pro-
duced errors 1in range and azimuth of satellite tracking radars, These errors are
of the sam: order of magnltude as those produced by tropospheric effeccs when the
UiiF rauars are operatling above a few degrees elevatlion., Since the effects are
rather zmall, 1t was assumed that a simple model from 100 km tc 1000 km would be
sufficient. However, zs development work began, other reguirenents for electron
density proflles became apparent. A three-dimenslional lonosphere for HF ray tracing
wi lecl. vegquires conslderably more accuracy in the lower lonosphere, was requested,
In addi<ion, total electron content for correcting for Faraday rotation 1in some
navigatioral satellites requires a model extending higher vhan 1000 km,

Tre program described in thils report has been used routinely for about elght
mentne tv predlct ezlectron density profiles for the FPS-85 radar at Eglin AFB, Fla,
Resuits ave encouraglng enough to warrant publication, It should be consldered an
interir report, however, as improvements are sure to be required as 1ts accuracy

15 evaiuated for different purposes,



s am ey

TR

RTTEATTI AT P RROTES  (W AL T S ST AT ST TMY TR

TTTRETRITer MY

11I. Develcopment.

The ionospheric electron density profile model presented in this paper
consists of the sum of three Chapman layers (E, Fl1, and F2). Each layer is of
the form

= -7 - =731
Np Nmax exp all-Z-exp(-2)]
where Z = (h=hpax)/hg
N = electron dersity at height h
Nnax ® electron density at the peak of the Chapman layer hggx
hg = scale height at the peak (except for the topside of the F2 region)

The value of the constant, a, depends upon whether electrons are lost by
attachment or by recombination. While neither process is unique in any layer, a
is assumed to be 0.5 for the E-layer and 1.0 for the F1 and F2 layers.

Electron densitles in the topside lonosphere are controlied by complex
motions rather than a production-loss balance and cannot be successfully described
strictly by a Chapman layer. An effoirt was made to keep from over-complicating
the model and still obtain the best topside profilg. After some experimentation
a fit was obtained by simply using the Chapman equation for the topsilde ionosphere,
but computing the electror densities by using a variablie scale height throughout
the region.

The scale height profile 1s calculated from the equation
log h

h - - 2030““7
S 2.186 X 10-2

This equation describes the scale height of a simple standard atmosphere and was
derived by Capt J. Wrobel (private communication).

Critical frequencies for the E and Fl regions are determined from regression
equations [1], [2].

foE = 0.9((18¢ + 1,U44R) cos x]0:25
foFl = 1.26f°E + 0.5

where R = the twelve-month running mean sunspot number
x = the solsar zenith angle

When x exceeds 90°, foE is set to 0.7 MHz., When x exceeds 135°, foE is
set to 0.3 MHz.

The F2 region critical frequency may be predicted from the ITS (ES5A)
coefficients by predicting a sunspot number (R) [1]. It may also te predicted
manually on a short-term basis by the Air Force Aercspace Environmental Support
Center. For post analysis purposes, an ~bserved value may be used.

The height of the peak of the E region is assumed to be 120 km. After some
experimentation, the Fl peak was placed halfway between the E and F2 peaks,

The height of the f2 peak is calculated by using Shimazakl's equation [3]:

15490
max M

- 176

where the M(3000) fact>r, M, may be predicted in a manner siullar tc the prediction
of folF2, or observed. Computations of hpax using M(3000) were found to be accurate
within 20 km at mad latitudes. If a more accurate measure cf hmax 1s avallsable,
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such as hp F2, an artificial M(3000) may be calculated from the Shimazaki equation
and used as an input into the computer program.

IV, Description of the Computer Prcgram.

A copy of the computer program used to compute an electron density profile 1is
lizted in Appendix A. The program is written in IBM 7090 FORTRAN IV, There are
three inrut options (all of which are concerned with the method of ortaining foF?2
and M(3000);. Two output optlons are available, depending upon the representation
of the profile reguired,

The program computes electron densitles independently for each of three regions
(E, F1 and F2). The base of the proflle is J00 km and computations are made at
5 km increments to 1000 km, The three regions are added toge! :r to give the total
electron density at each increment of altitude. Electron density 1s not permitted
to decrease with altitude, but is held constant across "valleys" in the profile.

Total electron content in a one square meter cross section up to a given
altitude is also computed., An initlal clectron content is established at 95 km, to
represent the total content belcw 100 km, A calculation of pluasm=2 frequency is made
from the electron density f..: each 5 km interval.

Input parameters are read from data cerds, Th2 first data card indicates out-
put options (Table 1), The second data card zontains information pertaining to the
geographic location of the profile. The format of the card 1s the same for all
input options (Table 2).

As previously mentioned, there are three input options which determine the
method by which foF2 and M(3000) are introduced into the program, Data card number
3 contuins information pertinent to the proflle, including the irput option vari-
able IOPT., Table 3 lists the input parameters on the third data card and indicates
which of them are used by the program under each of the three ’‘nput cptions, If
IOPT = 1, foF2 and M(2000) are computed from a card deck of ITS Predicktion Ccef-
ficients. (Subroutines used to compute foF2 and M(2000) from ITS coefficients were
extracted from a program published in [4].) If IOPT = 2, a long-term data tape
containing sunspot dependent coefficients of foF2 and M(3000) is read to determine
foF2 and M(3000). Pinally, if IOPT = 3, foF2 and M(3000) are read explicitly from
the data card.
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Card Column

1

Card Column

1-6

7

8-13
14
15-38

TABLE 1

Vartable

IPLOT

IPNCH

TABLE 2

Variable

CLAT
NORS
CLONG
IHEM
NAME

Explanation

If IFLOT = 1, a profile of
plasma frequency vs helght is
plotted. 1f IPLOT = 0, plot
is suppressed.

if IPNCH = 1, the 17 most
signific¢cant noints depicting
the proflle are punched onto

data cards., If IPNCH = 0, the
purch routine 1s suppressed.

Explanation
Latitude

Hemisphere (N, S)
Longitude
Hemisphere (E, W)

Name of Station
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Card Column

1-2
3-4
5=6

9-12

13-16

17-18

19-21
22

26=-30
31-40

41-50

51-56

57-62

E

NOTE: All numbers are integers except SSN, FOFZ, and EM3000.
floating point, punched with a decimal point, anywhere in the fileld.

TABLE 3
Variable rRequired Under Option Explanation
IYR 1L 2 8 Year

MNTH1 1, 2, 3 Month

MNTH2 1y 2 Used 1f mean of
two months coef=
ficients are
required,

IDA 3 Day ‘

IBHR 1, 2, 3 Beginning time
of set of con-
secutive pro-
files (GMT).

IEHR 1, 2, 3 Ending time of
set of consecu-
tive proriles
(GMT).

INC 1, 2, 3 Increment of time
step (hours).

JDAY 1, 2, 3 Julian Day

IOPT 1, 2, 3 Option

SSN 1, 2, 3 Sunspot Number

FOF2 3 foF2 (explicit)
MHz and tenths

EM3000 3 M(3000) éxplicit)
kundredths

IVB 1, 2 Beginning of
valicd time (i.e.,
10 May).

IVE 1, ¢ Ending of valid

time (4.e., 20
May).

These three are
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V. Description of the Computer Produced Profile.

Appendix 2 is =2 sample profile produced by computer. The profile is in four
sections, The first section provides a summary of input da.a anid pertinent infor-
mation for each of the three regions. The second section is the profile itself,
listing vaiues of height, E-reglon density, Fl-region density, Fd-region density,
total density, cumulative electron content, plasma frequency and scale height for
each 5 km increment of the model. Output of the third section depends upon the
value of the output option IPLOT (see Table 1), and plots a graph of plasma fre=-
quency vs height £ r the model, The fourth and final section depends upon the value
of the output optiun IPNCH{, 1If selected, the 17 most significant values of plasma
frequency describing the profile are chosen objectively and written onto magnetic
tape for punching onto data cards. In addition, a checklist of the points selected
is printed.

VI, Evaluation of the Model.

An evaluation of this model was made by comparing with observed electron
density profiles and with total electron content measurements.

Figures 1 to 8 show model monthly median profiles for Wallops Island, Va.,
during 1963, compared with the observed profiles avallable from World Data Center
A, Boulder, Colorado., Excellent results are obtained during wintei and at night.
The July 1éooz (mid-day) 1is the worst case among severa. dozen such comparisons at
various locations and times.

In Table 4, the total electron content calculated to 1000 km ‘s compared with
cbservations of total content from Bedford, Mass., to geostationar, atellites, a
path which passes through the F2 peak near Wallops Island. These obsc.,vations,
courtesy of Jack Klobuchar, Air Force Cambridge Research Laboratories, are converted
to vertical incidence by assuming a cosine correction factor., As expected, the
model i1s generally lower than the observations since 1t cuts off at 1000 km. It is
interesting to note that :in the summer daytime, when the model overestimates the
bottomside content (Figure 6), it underestimates the total content. This implies
that more electrons are present in the topside than the model predicts.

A third comparison is shown in Figure 9, Here, total content to 10060 km from
the model 1s compared with the total content on near vertical incidence paths to
synchronous satellites in the vicinity of Hawaill [5)]. The shape &f the diurnal
curve 1s good and the results are agailn excellent at night but are underestimated
at midday. .




GMT
January

0100
0500
2000

March

0200
0500
1100
1600
2100

May

0300
0700
1200
1600
2200

: July
0400
0800
1300

1309
2300

September

0100
0500
1000
1500
2000

Ncvember

0200
0600
1100
1600
21G0

TABLE 4
TOPAL ELECTRON CONTENT

(i0- M%)
WALLOPS ISLAND 1968

PERCENT DIFFERENCE

OBSERVED TEC MUGDEL  TO 1000 KM
1.2 1.0
.66 .56
4,1 3.5
1.6 1.4
.98 «95
.65 .61
3.3 3.2
3.7 3.4
1.5 1.4
085 '93
1.4 1.2
2.3 2.0
2.7 2.1
1.2 1.1
.62 .60
1.b4 1.3
1.8 1.6
2.1 1.t
1.4 1.4
.91 .89
42 L U6
2. U 2. U
2.9 2.7
.75 .65
55 .52
. 39 .36
3.2 3.3
3.2 2.8

=10
=15
=15

-13
-6

-3
-8

-8
=

-11
-24

-2
+10

-7

-13

-8
+3
=13
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VII. Summary and Conclusion.

The electron density profile model came about &s an attempt to produce &
reasonably simple method of predicting electron densities in the 100-1000 km range.
This model shoulid not be considered finul, by any means, even for the current
applications. The scale height proflle should be improved t> include diurnal and
seasonal variations. The model should be extended from its upper limit of 1000 km
to the plasmapause., Varilations ol electron density with geomagnetic activity
chould be included. Improved prediction or specification of any of the input
parameters will, of nourse, improve the accuracy of the profile model, The height
of the F2 maximum is probably the most important of these.
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famalist

$IBFYC MOUEL
CIMENSION SCALE(lBZ)lebT(lBZ)
e _CIMENSION VAL(S1)yNAME(4),STOR(18
COMMON /787 K(14),U017, 761 KX(14),
LULGLT,76)sUXL(2T,76)

UCATA TEyIS/1HE, 1HS/

s
UXT170761,K1(14) ,KX1(14),

C
Cesssne  SET UP CONSTANTS FOR RADIAN CONVERSION ssnsnse
¢
C180=3,1415927
P12-(180/2.0 )
AK=C18C/180.6
 BK=180.0/C180 i .
GLT=1.36135662
.GLG=1.22173030
KARL =G
C ~ S, - - . s _-— . s e .. - = e . e = em e = = - - - - - e———— e - . ee
Ceesss SCALE HEIGHT COMPUTATION {(WROBEL-S EQUATI3N) ewsse
C
- T TUH=95, T ' ' T
) _CO_10 1=1,182 L

T SCALE(I)=(ALDGIH)/2.186E-02)-203,
IHGT (1) =H

IF(T.EQC.1) SCALE(I}=6.6 T i
_ .16 H=H#5,0 o L
C
__ CessanePtAD QUTPUT OPTIUNS eeeeee = = o .
C
L REAU (5,11) IPLOT,IPNCH L

11 7 FORMAT (211}
) "(c“jo'."i'i'o'?R”E'Eﬁk'Lo'CA'tIC'N' CF STATION esssss
"369" READ (5,47 CLAT,NORS,CLONG, [HEM, (NAME(T),I=1,40 7 7
4 FORMAT (2(F6.14AL1),4AE)
_E_O_u__u_g_ _ChECK FOR BLANK CARD (ENU OF ALL DATA) eansss

oo JEACLATLEQ.0.0) GO TC 777 .
c

Cosnees CHECK FOR EASTERN OR SJUTHERN HEMISPHERE eeesse
¢

IF{NORS.EQsIS) CLAT=~1,eCLAT
TIFCIHENGEQ.TE) CLONG=-1.C#CLONG =~ T -
8000 REAU (5+44) IYRyMNTHL MNTH2,I10UA,IBHR,LEHR,INCJDAY,10PT,SSNyFCF2,
T T TTEMSTOD,, TVESTVET T T T T
44 FORMAT (412,21491291341193X9%5.192F10.59246)

TIAR=IBHR o
oo . INC=1INCel0D U
C
__.Cwessee CHECK OPTION 1 = ITS COEFFICIENTS READ FROM CARULS
[ 2 = LONGTYERM OATA TAPE
< o i 3 = FCF2 AND M{30CO) EXPLICIT essccsas
C
23




b tacd il 8

IF(IOPT.EQ.1.AND.KARD.EQ.C) GO 10 1
IF(IOPT.EQ.l<ANU.KAKD.EQ.1) GO TO 34
IF(ICPT.EQ.2) GO TO 2

T T CIOPT. £€.3) G ¢33~~~ o o mommmm
» .. GO 710 33 -
C
Lessess JOPT = ], READ CARDS ssssss N
C
R CALL REACU(K, L)

CALL READUIKX,UX)
IF(MNTH2,.6T.0) CALL READUIK1,Ul)

) IF(MNTH2.6T.0) CALL READU(KX1,UxXx1) ~ B
.. KARu=1 L o
GO T0 34

CALL LTAPE(MNTHL»SSNyK, U KX,UX)
o ~ IF(MNTH2.GT+0) CALL LTAPE(MNTH2,SSPyK1:Ul,KX1,UX1)
34  CONTINUE
800  CALL DOITV(CLAT,CLONG,IHR,FOF2,EM3G0C)MNTHL,MNTH2)
TGO TGIT T T T
233 WRITE (64333) T = e
333 FORMAT (1H1,13HERRDOR iN T0PT)

¢

"Cennsns  [0PT = 2, REAU LONG-TERM DATVA TAPE eesane
c
2

. GO0 TC 777 =
3 CONT INUE
c
T Cewawes JOPT = 3, BEGIN COMPUTATIONS “wamewa ~ 77
(
—g L R
Cesvees NOW HAVE FOF2 AND M30CC BY ONE OF THREE METHODS wssssr
g nRERE RN TRNE PUIe AN TODRE Y SRR T AERRR TR
Cesnems CALCULATE SULAR ZENITH ANGLE eesses
- - SRS =5 e e I
i _IFRST=1HR/10C S
SECND=IHR-TFRST#1CC
SECNU=SECND/60. — .
GMT=FLCAT(IFRST)+SECNCD
.. __IF(GMTLEC-0.0) GMI=24, .
t=Jcay
o §SSP=-23,45#C0S((0+104)/365.,2C180%2.)
SSP=SSPeAK
~ S5L=15,04GMT-180.0 e .
- 2=1USS5L-CLONG) #AK
COMP=SIN(CLAT®AK) #SIN(SSP)+COSICLAT#AK)#COS(SSP)#COS(Z)
COVMP=ARCESTITOMPY T T -
. ... .. Comp=ABstcOMP) ——
RANG=CONP
ZANG=COMP#BK+0,5
IS b . . . N
c CALCULATE GEOMAGNETIC LATITUULE
— ——— CaL.SORATE NESRALINC LIL LAV IVRE —y—_ =
24




gt s G e et s e

PP ST

gy

GAT=ARCOS(SIN(GLT)#SIN(CLAT®AK)+COSIGLT)#COS(CLAT#AK)
" 1#CCSICLONG*AK-GLG))

__GLAT=(PIZ-GAT)eBK

R="S5N

L i = - —_
Cessnse NCw HAVE NEEDED PARAMETERS FOR EQUATIONS ensuss
¢

.C — e . = — . 3
(wesess HEIGHT OF E-REGION SET TU 120 KM sesses =
C
. hE=120.0_ =
c
_._ Cesvees (OMPUTE SCALE HEIGHT OF E-REGICN eeesss
C
oo JES(ALOG(HEN/24185E-02)=20%. 667 .
G
C.l!.!’ COMPUTE FGOE scanss
- - LA e em———

o PART=0,9%((1680,0+1,44%R)#COS(RANG)) L
"IF(PART.GE.QO.) FCE=PART#20,25
.. IFIPART,LT,0,) FOE=0.7
_Ceesuns IF SOLAR ZENITH ANGLE GREATEK THAN 139 DEG, FOE SET 10 0.3 sees
C

 IF(ZANG.GE+90.0) FOE=G.7 _
c
_Leavewn IF SCLAR ZENITH ANGLE GREATER THAN 90 DEGy FOE StF TO Co7 eess

IF(LANGLGEC130.) FOE=0W3

._.-23!!"' _COMPUTE FOF1 sasess
vy FOF1=1.268F0E+0.5 L
. Cusesen COMPUTE MAX DENSITY OF £-REGION ssssss _
‘ . ENE=1,24EQ4»(FOE) #el
_-_E!""’ _COMPUTE MAX DENSITY OF FL-REGION ssease =
?‘- _FNMAX=1,246C4#(FOFl)ee2
E-qggqg ~COMPUTE MAX DENSITY OF F2-REGICN eesass
“mzu- _ ENVAX=1,24EC4»(FOF2)as2 =~ . . .

Cesnsee  (OMPUTE HEIGHT OF MAX DENSITY (SHIMAZLKI EQUATION) essee
c

_ HMAX=1490,0/EM3000-176.0

c

_. Lrosenn (UMPUTE SCALE HEIGHT OF F2-REGION wesase

¢
TF=(ALGG(HMAX) /2, 186E-02)=2C3,447




T

C - o L
Cessnes HEIGHI OF F1-REGION SET [0 MIDPOINT OF E- AND F2~REGIONS osssne

Ay s — g et e T L B

HMAXT=(HMAX+120.172,

C -
" Cessuse CCMPUTE SCALE HEIGHT OF F1~REGICN essses
C .
' TF1={ALOG(HMAX11/2,186E-62)-203,.447
[FOIOPTLT.3) WRITE (564990) “ll\lflnv_.l_.VE._l_YR_.lHR____“______._I_
TTTTT T UTTUECIOPTSETL 30 WREITE 16,391 TYR MNTHL, 10A s THR
C
T Cesnses QUTPUT SECTION ‘sevsss -
c .. - - - . - - —
Cesnees HWRITE HEACING FOR SUMMARY PAGE ssensse L
en e e e e e e e

990  FORMAT {1Hl,26HIONOSPHERIC PRUFILE VALID 1A6,12X,A642X¢12,15,1H2)
TTTTYE T T FORMAT (1H1 9 24HIONCSPHERIC PROFILE FOR 4313,15,1H2)
WRITE (69100) CLAT\NORS)CLONG, IHEM, (NAMELL)o1=1s4)

" 1007 T FORMAT (1HO,17HSYATION LOCATION ,2TF6.1,A1)/715X,4A6)
IF{IOPT.EQ.1) WRITE (6,1000)
TFUIOPT.EQ.2) WRITE (6,10011 =

1001 FURMAT (1HO,%3HTHIS PROFILE BASED UPON LONG-TERM DATA TAPE)
1090 _FORMAT (1HO,7X, 4OHTHIS PROFILE BASED UPON ITS COEFFICIENTS)
WRITE (6+101) FOF2,EM3000,FOE,FOF1
101 FORMAT {1HO,THFOF2 = 4F5,2910X,8HM3000 = ,F542910X46HFOE = ,F742,
110Xy THFOFL = ,F742)
__WRITE (64102) GLAT,ZANG,R R
102 7 FORMAT (1HG,23HGEOMAGNETIC LATITUDE = (FTe2+5Xy
) _121HSOLAR ZENITH ANGLE = 4F742//1X¢1THSUNSPOT NUMBEK = 4F5.0)

WRITE (6,103) Te,HE,ENE
103 FORMAT (JHO,19HVALUES FOR E~REGION//
15Xy ISHSCALE HEIGHT =,Fie2¢3H KM/ :
25Xy QHHEIGHT = yFTe243H KM/
35X, TOHDENSTTY = FB+0s13H ELILCTRONSZCC)

. WRITE (641040) TF1,HMAX1,FNMAX
1040 FORMAT (IHO,20HVALUES FOR F1-REGION/7 .
13Xy 15HSCALE  HEIGHT =,F742,3H KM/
25X OHHETIGHT = ,F 142938 KM/ -
35Xy LOHDENSITY = ,F8,0913H ELECTRONS/CC)
WRITE (6,1047 TF,HMAX,ENMAX
106  FURMAT (1HO, 20HVALUES FOR F2-REGION//
15X, ISHSCALE HEIGHT =,FTe2,3H KN/
25Xy HHE IGHT = (F 7424531 KM/
35X, [OHDENSITY = ,FB8,0,13H ELECTRONS7CC) - T
Coskxx® WRITE HEAUING FOR PROFILE PAGE *%%#xx
WRITE (&,2011
201 FURMAT (1K1,10X,24HELECTRON DENSITY PROFILE//5Xy2HKM,5X,

T IBAF-REGION, 5X, GHFI-REGINN, 5X, 9RFZ-REGION, TX, SHTOYAL, 71Xy~ 7~
210HCUMULAT IVE 45Xy 16HPLASMA FREQUENCY 55X, 5HSCALE )
el L Pl e e
ENSAV=0,

- s e e = c— e i emiee ie e —— - e e o oo — e —




TN

C

: Cessesn COMPUTE AND PRINT VALUES FOR EACH 9 KM LEVEL eesnse
; C

% e LB e e e e

1 L0 200 1=1,182

E J=172 '

4 FZE={H-HMAX1)/TF1

] EZE=(H-HE)/TE

i e e g e, 2 ey i 3 I S - .
. Cwesnss "ULECTRON OENSTTIES COMPUTEDN FOR FZ-ReGION BASED GN A

z Cessune CCNSTANT SCALE HEIGHT IF BELOW THE F2-PEAK AND
. Connnne UN A VARIABLE SCALE HEIGHT IF ABOVE THE F2-PLAK ssewss
C

" 1F(H.GT 4HMAX) ZEE=(H-HMAX)/SCALE(])’
_IF(H,LE «HMAX) ZEE=(H-HMAX)/TF

T EE=ENE ~ #EXP(Q0s50(1.0-ELE-EXP(-1.00kEZE)Y) —~ — 7 7

- _EN=cNMAXe#EXP  (1.0-ZEE-EXP(-1.0%ZEE))
FN=FNMAX®EXP {1.0-FZE-EXP(-1,00F2E})
ENP=EN4EE+FN

IF{HeGTeHE c ANDeH LT HMAXL . ANDLENP.LT.ENE) ENP=ENE
_ IF(HeGToHMAX]1 . ANDoHoLT  HMAX 4 AND L ENP. LT FNMAX] &NP FNMAX
T T T T FUENP S LT <ENPTAND.H. LT« HMAX) ENP=ENP1 ~~~— o777/
o CENPL=ENP L
PLAS=8.97t-03#SQRT(ENP)
USTORUL)=PLAS
I[F{MOU(142).EQ.0) VAL(J)=PLAS
B ENSAVEENSRY S B o O O e D
IFTI.EQ. 1) 50U TO 200 TrThm T e o
[H=H e . . ;
" WRITE (6+202) [HyEEZFN,EN,ENP,ENSAV,PLAS,SCALE(T)
202 FORMAT (3Xy14y1X94(4XyF940)y5XyLPEL6.B16X10PF7,2,7X;F742)
200 H=H+5,9

"%77??75 CALL PLOT ROUTINE TF REQUESTED weasss™ 77777
SRR TTR(IPLOT.GT.0) CALL PLCTIVAL) T
'”233533-'”CAEL PUNCH ROUTINE [F REQUESTEN snnnas
""z"' " IFUIPNCH.GT,0) CALL SIGUSTOR,IRGT, [VB, IVE,1VR, THRY

“Cewsses T [F T0PT ECGUALS '3, ONLY ONE STATION ANALYZEL PER FUF2 AND M(3000
- IFULIUPY.EQ.3) GO TO 999

C
~ TR EETET TINCRERENY FOUR —essass —— — = - e s
C

THR=1HR+INC T i
IF(1ARGIL. IEHR) GG TO 999
- aa Te 800 o

c
TUCwasees T EXITTAND CTERMINATE RUN Wemaws ™~ 7 ° 7777
c
777 " CONTINUE -
[ ENDFILE 9
‘ : o REWING 9
5 B o S s S

END




$IBFTC CURVE

300

10

3C
49

200

SUBKROUTINE PLOTIVAL)

___INTEGER GRIU(46,91),ABSCL46),FREQL46)

TNTEGER EYE,BLANK,00T,DASH,EX
REAL VALL(91)

LATA EYE,BLANK,DOT,CASHyEX/ZLHI o 1it g1He 9 lH=y1HX/

CATACABSC(I)9I=1946)/1H 41H +s1H 41H 41H 41H 4 1HP,1H

LiHA 1H o 1HS,1H 4 1HM,1H 4 1HA, lH s1H o 1H olHF 1H 4 1HR,1H

_2iH s 1HQylH ,1HUy1H 4 1HE.L1H oLlHNy1IH ¢ 1HCylH s1HY,1H ,1H o1H

JIH s 1H s1H 41H ,1H /

L0 200 I=1y46
CO 200 J=1,91
GRIL(L,J)=BLANK
IF(I.EGal) GRIDIT,J)=00T
IFU14EQe1 4 ANDLMODI(J,5.EQa1) GRID(

+J)=EYE

CATALFREQUI)yI=1946)/4H 0.094H_ +4H v4H 1.044H
14H 2.Cy4H » 4t 19“ 3, 014“ »4H 14H 4,0,4H
24H 5.U94H 1 4H 14H 64094H  44H 4 4H T.044H
34H 8.0y4H » aH v4H 9,094H v4H 14H10.0y4H

4GHLLL044H_ | _y4H_ _ J4HL2:004H___4H __ 44H13.0,4H
54H14,044H v 4H 4H15 0/

IF(T.EC.16) GRID(I.J)=COT
IF{1etQel6.AND.MOU(S95)EQal) GRIDIT,J)=EYE

" 1F(l1.EQe31) GRIDIT, J)=00OT

TF(1EQe31sANDMODIJI5).EQel) GRIDII2JI=EYE
IF(laECe%6) GRIGIT, J)=0OT
[FIl.bQe46ANDeMOD(J95)oEQel) GRIDII,JI=EYE
CONT INUE

L0 300 I=14406

TGRIUIT,1)=EYE

"GRIG(1,91)=tYE L

CONT INUE
€0 1¢C [=1,91

LOC=3.CovAL (114146~
GRIGILOC, 1)=EX
WRITE (6,5C)
FORMAT (L1H1,40X, LOHHE [GHT (KM) )
TWRITE (6,51)

s1HLs1H

v lHE,

v4H
1y 6H
v4H
1 6H

_v4H

v lH

FORMAT(1HC 9 11Xy 3H10C, 2X93H15C 92Xy 3H20092X93H250+42X93H300,°X,

TTIH350 2K, 3H40G 92Xy IH4SC 92Xy 3H500, 2X s 3H550, 2X 9 3H6009 2X 9 3H65C 92X,

LO 49 1=1,46

WKITE (6430) ABSCUI)oFREQUI)o(GRIDIEyJ)9Jd=1991)
FORMAT (5XyA192X9A4y1X,91A1)

_ CONTINUE

" RETURN

ENC
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: e —

e

SIBFTC SIGNIF
SUBROUTINE SIG(STOR,IHGT,IVBsIVE.IYRyIHR)

____ _CIMENSION STGR(182),IHGT(182),PLASQ(LT)
TINTLGER HEIT(17)

CREITIL)=IHGT(2)

REIT(2)=1HGT(6)
HEIT(15)=1HGT(182) ) _ S
HEIT(16)=1HGT(22)

.. .PLASQ(16)=STOK(22)
HEIT(17)=1hGT(32)
PLASQ(1)=STOR(2)
PLASQI17)=STOR(32)
PLASQ(2)=STOR(6)
PLASQ(15)=STOR(182)
€0 1 I=1.181

T T T TTTRISTORTIVLEGLSTORTI+ L)Y GO T ¢~ —— 7777~ — - 7™

1 CONTINUE

UHEITUA) =THGT(12)
PLASQ(3)=STOR(12)
R - .. - AR
. GO T0 5
4 HEIT(3=THCT(T)
- PLASQ(3)=STOR(I)
K=1
5 L0 6 I=K.181
C U TF(STORTUT#i)NEL.STOR(KYY 6Tt 77
6 CONTINUE
T THRETTTA)Y=THGT(22)Y T T “‘“ E—
__PLASQ(4)=STOR(22)
. — Ry o = ee— e
s GO T0 8
T THETTUG=TRGT (Y T T T T
PLASQ(4)=STOR(I)

-

- e 4 ——— —— e ———— ——— ———— e S WA S = 8.t e = . sbma  sanbemwme e S e -

K=1

8. ...00.9 1=K,181 ORI+ TTT6¢ .
TFTSTORTTI VLT STOR T T+ [
HEIT(7)=IHGTL])

TPLASQUT)=STORTI) ) ST T )
e 00 10 A0 e

5 CONTINUE
10 K=l-=5
T T L=I-10
LL=1+4
TTOUTUUREITIB)STHOT(LLY T T T ot
HEIT(6)=1HGT(K)

________ HETTTE 1 HETTLT e = Ty -

PLASQ(8)=STOR(LL)
" PLASQU6)=STORIK)
PLASQ(5)=STOR(L)
TTTTTTTTOHETITU9 Y =IRGY(S2Y T Tt oo T




PLASQI9)=STOKR(52)

K=62
_IF(HEIT(9).G1e370) K=T72
THEITIIC)=1RGT(K)
PLASG(13)=STOR(K)

CHEITOI1)=IRGT(82)

15

101

CHEIT(I-1)=1TEMP

PLASQ(11)=STOR(B2)
HEIT(12)=1KGT(102)
PLASG(12)=STOR(102)

RETTI13)1=1iRGTT132)
PLASQ(13)=STOR(132)
HeIT(14)=[HGT(162)
PLASQ(14)=STOR(162)
DO 1C0 [=2,417

CIF(HEIT(I).GECHEIT(I-1)) GO TO 100 _

ITEMP=HEIT(I)
RELICI)=hEIT(I-1)

TEMP=PLASQ(I)
PLASQUIN=PLASQ(L-1)
PLASQUI=1)=TEMP

¢0 710 15
120  CONTINUE o ) -
IHR1=TFR=-T0
{F({IHR], LI.O) IHR1=2330 -
IHR2=IHR+
- = e JHRL= I*Rlilgooc e
TWRITE (9,99) IVB,IYR, IVE, IYR, [HR1; IHR2
- WRITE (6498) IVByIYReIVE.IYRyTHALsIHR2
99 FORMAT (6HVALID 4A6513y3H = A8.1341X,14, SHZ TO .14,
~132hlZ REMOVE THIS CARD BEFORE USING) T ———
98 FORMAT (1H1)26H10NOSPHERIC PROFILE vALID 1AG41343KH -~ JA6,1341Xs14,
L ASMZ YO M4sWz) TR T
TO 280 1=1.17
A __WRITE (%5497) HEIT(I),PLASQ(I} e
TWRITE (9,96) HEIT(I),PLASQ(T)
200 _ CONTINUE B
97 FORMAT (1X,4HICNC,12X,14,F12.2)
96 FORMAT (4HIONO,12X:14,Fl2,20 "
RETURN
30
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Appendix B

Sample Computer Output
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oD A g B e Mottt L A

Raatas 2 Tl

1

UNCLASSIFIED

ce. JONOSPHERIC PROFILL VALID 23 MAY OF JUM 70 19007

STATION LUCATION 240U RHeW

_EGLIN FANGE

_THIS PROFILE BASED UPON ITS COEFFICIENTS

FOF2 = 3,25 M3O0U0 = 2,76 FOE = 4004 FOF1 =

GENVMAGNETSC LATITUDE = 354489 SOLAR ZENITH ANGLE = 18611

.. SUNSPOT NUMAER = _ 50

VALUES FOR F-REGION

SCALE HEIGHT = 15,54 KM

T OUTTHETBHT =T UI20,00 KM - CTmmo e
DD Rl Ty =2 2000, BUEEINUNLUGE T . <t s— ——

VALUES FOx Fl-REGIUN

SCALE HEIGHT = 47456 KM

T HETGHT = 241,54 KM - SR haRss
_ DENSITY = 386689, ELECTRONS/CC ) . L ) _
VALUES FUR F2-REGCION .
SCALE HEIGHT = 66021 KM
- HETGHY = ~ 365,07 KN s i
e DENSUTY o 10618 s O RO e e A
33
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